Chronic GVHD (cGVHD) after allogeneic hematopoietic SCT (HSCT) is characterized by an infiltration of T cells into target organs including the oral mucosa and salivary glands. This study was designed to clarify the molecular mechanism of the local accumulation of pathogenic T cells in cGVHD. The expression of cytokines, chemokines and chemokine receptors in the buccal mucosa (BM), labial salivary glands (LSG) and PBMC from 16 patients with cGVHD after allogeneic HSCT was examined. The mRNA expression of T helper 1 (Th1) and Th2 cytokines, and several chemokines and chemokine receptors was significantly increased in the BM and LSG from cGVHD patients, in comparison with both those in the BM and LSG from controls, respectively, and also with those in the PBMC from cGVHD patients. Furthermore, the mRNA expression of Th2 cytokines, macrophage-derived chemokine and CC chemokine receptor 4 was closely associated with a strong T-cell infiltration in the BM and LSG from cGVHD patients. These results suggest that cGVHD might be initiated and/or maintained by Th1/Th0 cells and thereafter progresses in association with Th2 cell accumulation via the interaction of particular chemokine and chemokine receptors.
INTRODUCTION
GVHD is one of the most serious complications known to occur after allogeneic hematopoietic SCT (HSCT). Two forms of GVHD, acute and chronic, are distinct in both onset and clinical features. 1 This disease is commonly referred to as acute GVHD (aGVHD) if symptoms appear within 100 days after transplantation or as chronic GVHD (cGVHD) if symptoms occur later. aGVHD primarily involves the skin, liver, gastrointestinal tract and lymphoid tissues, 2 while cGVHD is a systemic and multiorgan syndrome that has many features suggestive of a range of spontaneous autoimmune diseases including primary scleroderma, dermatomyositis, systemic lupus erythematosus, primary biliary cirrhosis and Sjö gren's syndrome (SS). [3] [4] [5] [6] In patients with cGVHD after HSCT, it is well known that SS-like xerostomia with a reduced production of saliva and oral lichenoid lesions frequently develop concomitantly. We previously reported that the clinical and histologic findings in their buccal mucosa (BM) and labial salivary glands (LSG) closely reflected the status of cGVHD and gave useful information in making a definite diagnosis and determining the severity of cGVHD. [7] [8] [9] The characteristic histologic findings were subepithelial lymphocytic infiltration with epithelial changes in the BM and diffuse lymphocytic infiltration in the LSG. However, the molecular mechanism of the lymphocytic infiltration in cGVHD is still poorly understood, even though we previously reported an aberrant expression of adhesion molecules on ductal epithelial and endothelial cells in the LSG. 9 In the present study, we examined the expression of cytokines, chemokines and chemokine receptors in the BM and LSG from cGVHD patients to clarify the molecular mechanism of the accumulation of pathogenic T cells in cGVHD.
PATIENTS AND METHODS Patients
A total of 16 cGVHD patients (8 men and 8 women) who underwent HSCT between 2002 and 2008 were studied. The patients ranged in age from 19 to 64 years (mean age: 41.5 years), and their clinical characteristics before and after HSCT were listed in Table 1 . The HSCT and examinations to screen for cGVHD, except the oral examination, were performed at the First or Third Department of Internal Medicine, Kyushu University Hospital. For the oral examination, all patients were referred to the Department of Oral and Maxillofacial Surgery, Kyushu University Hospital, and underwent a systematic evaluation of their oral region by clinical examination, biopsies of the BM and LSG, and so on. None of the patients were had aGVHD at the biopsy. Lichenoid lesions of BM were clinically classified into reticular and erosive types, based on Axell's classification. 10 Biopsy specimens of the BM were obtained from lichenoid lesions in 15 of the patients. The biopsy of the LSG was performed as described by Greenspan et al. 1 Heparinized peripheral blood samples were also obtained from 15 patients at the time of biopsy.
As controls, biopsy specimens of the BM and LSG were also obtained from 10 patients with mucoceles, benign tumors, or impacted wisdom teeth, who had no clinical evidence of inflammation in the BM and LSG. Blood samples were also obtained from 10 healthy volunteers. The biopsy specimens and blood samples were taken after obtaining informed consent from unrelated Japanese individuals.
Diagnosis of cGVHD
A diagnosis of cGVHD was made from 95 to 550 (mean, 179) days after the HSCT based on an investigation of the skin, liver, eyes, BM and LSG, as reported previously. 8, 9 Skin signs induced the presence of pigmentation and lichenoid or sclerodermatous changes. Liver signs included an elevation of such serum enzymes as glutamic oxaloacetic transaminase, glutamic pyruvic transaminase, lactase dehydrogenase, alkaline phosphatase, g-GTP and total 1 bilirubin. The ocular sign was o5 mm/5 min in Schirmer's test. The BM specimens were evaluated for the presence of subepithelial lymphocytic infiltration and any degeneration of the basal cells. The LSG specimens were evaluated for the presence of diffuse and/or periductal lymphocytic infiltration and glandular atrophy and/or destruction. In this study, the patients demonstrating an involvement of BM, LSG and at least two of three organs (skin, liver and eyes) were diagnosed as having cGVHD.
RNA extraction and cDNA synthesis PBMC were isolated by Ficoll-Hypaque density gradient centrifugation. The total RNA was prepared from the BM and LSG specimens and PBMC by the acidified guanidinium-phenol-chloroform method as previously described. [11] [12] [13] [14] [15] Three micrograms of the total RNA preparation was then used for the synthesis of cDNA. Briefly, RNA was incubated for 1 h at 42 1C with 20 U of RNasin ribonuclease inhibitor (Promega, Madison, WI, USA), 0.5 mg of oligo-(dT) 1218 (Pharmacia, Uppsala, Sweden), 0.5 mM of each dNTP (Pharmacia), 10 mM of DTT and 100 U of RNase H reverse transcriptase (Life Technologies, Gaithersburg, MD, USA).
Quantitative estimation of mRNA by real-time PCR Quantitative cDNA amplification was performed according to manufacturer's instructions and previous reports.
11 -15 The cDNA of cytokines, chemokines and chemokine receptors was analyzed by real-time PCR using LightCycler Fast Start DNA Master SYBR Green 1 (Roche Diagnostics, Mannheim, Germany) on a LightCycler real-time PCR instrument (version 3.5; Roche Diagnostics). The cytokines examined were IFN-g and IL-2, IL-4, IL-5 and IL-10. The chemokines examined were IFN-induced protein 10 (IP-10), macrophage inflammatory protein-1a (MIP-1a), regulated upon activation normal T expressed and secreted (RANTES), macrophagederived chemokine (MDC), and thymus and activation-regulated chemokine (TARC). The chemokine receptors examined were CXC chemokine receptor 3 (CXCR3), CC chemokine receptor 4 (CCR4) and CCR5. The primer sequences and reaction conditions are shown in Table 2 , and the PCR products are in Figure 1 . To provide a meaningful comparison between different individuals or samples, the amounts of cytokine, chemokine and chemokine receptor PCR products relative to the amounts of b-actin PCR products (for the standardization of total cellular mRNA) or CD3d (for the standardization of T-cell mRNA) in each sample were calculated. The b-actin PCR products were first used for mRNA of all molecules examined, while the CD3d PCR products were second used for IL-2, IFN-g and CCR4 mRNA that mainly expressed by T cells. The relative amounts of cytokine, chemokine and chemokine receptor mRNA expression were graded as follows: À , not detected; þ , from 10 À 3 to 10 À 1 ; þ þ , from 10 À 1 to 10, þ þ þ ; from 10 to 10 3 .
Histologic study of BM and LSG For a conventional histologic examination, 4-mm frozen sections of BM and LSG specimens were prepared and stained with hematoxylin and eosin. The degree of lymphocytic infiltration in the BM specimens was graded as follows: weak; diffuse lymphocytic infiltration in the subepithelial layer, strong; band-like lymphocytic infiltration in the subepithelial layer, similar to oral lichen planus, as reported previously. 8 The degree of lymphocytic infiltration in the LSG specimens was graded as follows: weak, o50% area in a lobe; strong, 450% area in a lobe, as reported previously. 8, 9 Immunohistochemical study of BM and LSG For the immunohistochemical analysis of infiltrating lymphocytes and the expression of the chemokines and chemokine receptors, 4-mm frozen sections were prepared and stained by the conventional avidin-biotin complex technique as reported previously. 9 The mouse monoclonal antibodies used to analyze T-cell subsets were anti-CD3, anti-CD19, anti-CD4 and anti-CD8 (Leu4, Leu12, Leu3a þ 3b and Leu2a, respectively; BD Bioscience, San Jose, CA, USA). The mouse monoclonal antibodies used to analyze chemokine and chemokine receptor were anti-CCR4 (1G1; BD Bioscience) and anti-MDC (57226.11; R&D System, Minneapolis, MN, USA). As control mouse monoclonal antibodies, HDP-1 (anti-DNP, IgG1), SS1 (anti-sheep erythrocyte, IgG2a), NS8.1 (anti-sheep erythrocyte, IgG2b) and NS4.1 (anti-sheep erythrocyte, IgM), all of which were generous gifts from Dr SM Fu (University of Virginia, VA) were used. The sections were sequentially incubated with monoclonal antibodies, biotinylated antimouse IgG antibodies (Vector Laboratories, Burlingame, CA, USA), avidin-biotin horseradish peroxidase complex (Vector Laboratories), and 3,3 0 -diaminobenzadine (Vector Laboratories). To evaluate the expression of CCR4 in the BM and LSG, positively stained cells were counted in 0.04-mm 2 sections from three different areas (magnification: Â 200), and the frequency was then calculated by dividing the number of positively stained lymphocytes by that of total mononuclear cells with hematoxylin and eosin staining.
Statistical analysis
The statistical significance of the differences between the groups was determined by the Mann-Whitney U-test, Fisher's exact test and w 2 -test, and P-values of o0.05 were considered to be significant. 
RESULTS
Histologic findings and lymphocyte subsets in the BM and LSG from cGVHD patients The histologic findings in the BM and LSG from 15 and 16 cGVHD patients, respectively (data not shown), were similar to those reported in previous studies. 7, 8 The BM from all the patients showed lymphocytic infiltration in the submucosa, a degeneration of the basal cell layer. Diffuse lymphocytic infiltration in the subepithelial layer was observed in six patients, while band-like lymphocytic infiltration in the subepithelial layer similar to oral lichen planus was in nine patients. The LSG showed diffuse lymphocytic infiltration, periductal lymphocytic infiltration and atrophy or destruction of the acini in all, 5 and 12 patients, respectively. The degree of the lymphocytic infiltration was weak in eight patients and strong in eight patients. Figure 1 . PCR products for cytokines, chemokines and chemokine receptors. Visualized bands of PCR products for cytokines, chemokines and chemokine receptors are shown. The transcripts amplified by PCR were obtained as described in Patients and methods, loaded onto 1.8% agarose gel, and then were visualized by staining with ethidium bromide. The primer sequences, reaction conditions and sizes of the amplified fragment for each target mRNA are summarized in Table 2 . 
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Subsets of the infiltrating lymphocytes in the BM and LSG (data not shown) were also similar to our previous studies. 7, 8 Both in the BM and in the LSG, they mainly consisted of CD3 þ T cells, whereas CD19 þ B cells were rarely seen. A slight dominance of CD4 . The samples examined were PBMC, BM and LSG from either the cGVHD patients or controls. The relative amounts of mRNA expression were compared between the sample groups and any statistical significance of the differences was determined by the Mann-Whitney U-test. *Po0.05.
and IL-5, chemokines such as IP-10, TARC and MDC, chemokine receptors such as CCR4 was more frequently detected in the BM from cGVHD patients than in the control BM. Similar results were obtained in the LSG, however, the frequency of the detection of IL-4 in the LSG from cGVHD patients was not significant in comparison with that from the control LSG. In contrast, none of the cytokines, chemokines and chemokine receptors was more frequently detected in the PBMC from cGVHD patients than in the control PBMC (data not shown).
Comparison by relative mRNA expression is shown in Figure 2 . Judging from relative amounts of mRNA expression, mRNA expression of IL-2, IFN-g, IP-10, CXCR3, CCR5, IL-4, IL-5, TARC, MDC and CCR4 in the BM from cGVHD patients was stronger than the control BM. In LSG from cGVHD patients, IL-2, IFN-g, IP-10, IL-4, IL-5, IL-10, MDC and CCR4 were more strongly expressed than those in the control LSG. In PBMC from cGVHD patients, only IFN-g, IL-4 and IL-5 were more strongly expressed than those in the control PBMC. In the BM and LSG from cGVHD patients, the mRNA expression of IL-2, IP-10, CCR5, IL-10, MDC and CCR4 was also significantly stronger than that in the PBMC from cGVHD patients.
For IL-2, IFN-g and CCR4 mainly expressed by T cells, the relative expression to CD3d was second estimated in the PBMC, BM and LSG and compared. The relative amount of IL-2 mRNA expression in the PBMC, BM and LSG was 2.02 Â 10 À 2 ±8.31 Â 10 À 3 , 0.199±0.169 and 1.87±1. 38 , that of IFN-g was 8.51 Â 10 À 2 ± 4.11 Â 10 À 2 , 0.262 ± 0.194 and 0.215 ± 0.201, and that of CCR4 was 0.633 ± 0.272, 12.3 ± 6.13 and 14.8 ± 8.35, respectively. Comparative results by normalization to CD3d were consistent with those to b-actin. Briefly, the mRNA expression of IFN-g in the PBMC, BM and LSG from cGVHD patients was stronger than the controls, and that of IL-2 and CCR4 was stronger than the controls and in the PBMC from cGVHD patients (data not shown).
Association of mRNA expression of cytokines, chemokines and chemokine receptors in the LSG and BM with severity of cGVHD As shown in Figure 3 , mRNA expression of Th1 cytokines such as IL-2 and IFN-g, chemokines such as IP-10, and TARC, chemokine receptors such as CXCR3 and CCR5, and CCR4 was consistently detected and showed no relationship to the degree of lymphocytic infiltration in the BM and LSG from cGVHD patients. In contrast, the mRNA expression of Th2 cytokines such as IL-4 and IL-5, a chemokine, MDC, and a chemokine receptor, CCR4, was more frequently detected in the BM and LSG with strong lymphocytic infiltration than in those with weak lymphocytic infiltration. These associations were statistically significant.
In the BM from cGVHD patients, strong lymphocytic infiltration was significantly associated with the presence of erosion, as shown in Table 5 . As expected, the mRNA expression of Th2 cytokines such as IL-4 and IL-5, MDC and CCR4 was also significantly associated with the presence of erosion in the BM from cGVHD patients, as shown in Figure 4 . were quantitatively estimated as relative amounts as described in Patients and methods. The samples examined were BM and LSG from cGVHD patients. The degree of lymphocytic infiltration in the BM was graded as follows: W, weak; diffuse lymphocytic infiltration in the subepithelial layer; S, strong; band-like lymphocytic infiltration in the subepithelial layer. The degree of lymphocytic infiltration in the LSG was graded as follows: W, weak; o50% area in a lobe; S, strong; 450% area in a lobe. The relative amounts of mRNA expression were compared between sample groups and the statistical significance of the differences was determined by the Mann-Whitney U-test. *Po0.05. Abbreviation: cGVHD ¼ chronic GVHD. The number of cases is indicated in this table. The BM with strong lymphocytic infiltration was more frequently erosive type than that with weak lymphocytic infiltration. This association was statistically significant (Fisher's exact test; Po0.05). Distribution of MDC and CCR4 in the BM and LSG from cGVHD patients As the mRNA expression of MDC and CCR4 in the BM and LSG was closely associated with the severity of cGVHD, the distribution of those proteins was immunohistochemically examined. As shown in Figure 5 , MDC was strongly detected in cytoplasm and extracellular space of basal epithelial cells in the BM with strong lymphocytic infiltration cases of cGVHD, while MDC was slightly detected in that with weak lymphocytic infiltration. MDC was strongly detected in and around acini in the LSG with strong lymphocytic infiltration cases of cGVHD, while MDC was slightly detected in that with weak lymphocytic infiltration. In contrast, CCR4 was detected in a majority of the infiltrating lymphocytes in the BM and LSG with strong lymphocytic infiltration cases of cGVHD. As shown in Table 6 , the number and frequency of CCR4-positive infiltrating lymphocytes were significantly increased in the BM with strong lymphocytic infiltration cases of cGVHD than that of weak. DISCUSSION cGVHD is one of the most serious complications after allogeneic HSCT and it is caused by pathogenic T cells recognizing incompatibility at histocompatibility genetic loci. As we previously reported, 7-9 diffuse T-cell infiltration in the LSG and subepithelial T-cell infiltration in the BM are characteristic in the oral involvement in cGVHD. We also reported that an aberrant expression of HLA-DR antigens and adhesion molecules on target epithelial and endothelial cells is possibly involved in the pathogenesis of cGVHD. 9 In the present study, we thus investigated the expression of cytokines, chemokines and chemokine receptors in the oral lesions in cGVHD patients to clarify the molecular mechanism of the T-cell infiltration in cGVHD.
Several studies of mice and humans have indicated that the Th cell population comprises functionally distinct subsets that are characterized by the patterns of cytokines produced following activation. 16, 17 Some studies with animal models indicate that aGVHD is Th1 dominant disease 18 and that Th17 cells and Tregs have a key role of general conditions of human a/cGVHD, 19, 20 little is known about that local lesions of cGVHD are Th1 and/or Th2 dominant disease.
Previous studies with animal models of autoimmune diseases have characterized the pathogenic role of Th1 cells and the possible protective role of Th2 cells. 21, 22 However, we previously reported Th2 cells to show no such protective role and even a harmful role as local accumulation of B cells leading to the initiation of B-cell abnormalities in SS. 23, 24 As a result, relatively little is known about the functional activity of Th cells at the site of autoimmune damage in human autoimmune diseases resembling cGVHD. In the present study, Th1 cytokines such as IL-2 and IFN-g were consistently expressed in nearly all of the oral lesions examined in cGVHD patients, and the degree of such cytokine expression showed no relationship to the degree of lymphocytic infiltration or to the clinical severity. In contrast, Th2 cytokines such as IL-4 and IL-5 were expressed in association with strong lymphocytic infiltration and severe tissue damage in the oral lesions in cGVHD patients. These findings suggest that Th1 cytokines might be primarily involved in the initiation and/or maintenance of cGVHD, while Th2 cytokines are involved in the progression of the disease process. It is still necessary to elucidate an exact role of Th2 cytokines in the pathogenesis of cGVHD. It is also interesting to note that the production of Th2 cytokines in cGVHD was not followed by a subsequent accumulation of B cells as is occasionally observed in SS and oral lichen planus. 14, 23 The oral involvement in cGVHD is thus characteristic and distinguishable from that in SS and oral lichen planus. These differences in the disease process might be explained by a more thorough understanding of the pathogenesis of cGVHD.
Chemokines such as IP-10 and chemokine receptors such as CXCR3 and CCR5, which are involved in Th1 cell migration, 25 were expressed in nearly all of the oral lesions examined in the present study. IP-10 is one of chemokines toward CXCR3, has a chemotaxis for monocytes and Th1 cells, and is produced by fibroblasts and vascular endothelial cells, [26] [27] [28] while CXCR3 and CCR5 are specific chemokine receptors for Th1 cells. 29, 30 The expression of both Th1 chemokines and chemokine receptors in the oral lesions indicates that Th1 cells possibly migrate there from the circulation. Several studies have indicated that in aGVHD, the interaction of CXCR3 with the monokines induced by IFN-g (Mig), IP-10 and IFN-inducible T-cell a chemoattractant and that of CCR5 with MIP-1a have a critical role in the induction of aGVHD. [30] [31] [32] In the skin with aGVHD patients, IP-10 expression was observed in the basal tinocytes of the epidermis and CXCR3 was on cells in dermal infiltrates, otherwise IL-4 was not increased in the serum from aGVHD. 33 However, relatively little is still known about it in cGVHD. From the results obtained in the present study, we consider that the interaction of CXCR3 and/or CCR5 with IP-10 might have an important role in the migration of Th1 cells and then in the initiation and/or maintenance of cGVHD. It has been reported that IFN-g relatively induces IP-10 production. 34 As IFN-g expression is augmented in oral lesions and PBMC examined in the present study, IP-10 production might be upregulated and then involved in the development of cGVHD.
Chemokines such as TARC and MDC and chemokine receptors such as CCR4, which are involved in Th2 cell migration, 25 were also expressed in 470% of the cGVHD patients examined, although the frequencies were slightly lower than those of Th1 chemokines and chemokine receptors. TARC and MDC are natural ligands for CCR4 expressed on Th2 cells. 35, 36 TARC is produced by vascular endothelial cells and DCs, while MDC is produced by APCs. 37, 38 A careful comparison with clinical and histologic findings revealed the expression of MDC and CCR4, as well as Th2 cytokines, to be closely associated with a strong lymphocytic infiltration and severe tissue damage of the oral lesions. Immunohistochemical staining further elucidated that MDC was detected around the basal epithelial cells cell layer in the BM and acini in the LSG, while CCR4 was on the infiltrating lymphocytes in the BM and LSG. Taken together, the interaction between MDC and CCR4 is strongly indicated to have a critical role in the accumulation of Th2 cells, thus indicating it to be and then to be involved in the progression of cGVHD.
Why are oral mucosa and salivary glands preferentially involved in cGVHD? We previously reported that an aberrant expression of HLA-DR antigens and adhesion molecules on target epithelial and endothelial cells is possibly involved in the pathogenesis of cGVHD. 9 In that report, we discussed that increased Th1 cytokines such as IFN-g and tumor necrosis factor-a in serum might stimulate sensitive target organs to induce an aberrant expression of HLA-DR antigens and adhesion molecules, and then increase the disease susceptibility. In the present study, Th1 cytokines were consistently expressed in the oral lesions and PBMC from cGVHD patients. IFN-g and tumor necrosis factor-a have also been reported to easily induce oral and salivary gland epithelial cells to express HLA-DR antigens and adhesion molecules. [39] [40] [41] [42] These results therefore strongly support our hypothesis.
It is further necessary to elucidate the mechanisms of Th1 and Th2 cell induction and their exact role in the pathogenesis of cGVHD. A more thorough understanding of the complex consequences of cGVHD might also lead to potentially therapeutic applications of cytokine agonists and antagonists to disrupt the cytokine network, as a further means of inhibiting the initiation and/or progression of cGVHD.
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